The study investigated the adoption of sustainable land management practices (SLMP) for yam production in Osun State, Nigeria. Primary data were collected from 120 yam farmers with the aid of questionnaire through a multistage sampling procedure. The SLMP studied included structural and mechanical erosion control practices (SMECP), agronomic practices (AP), soil management practices (SMP) and cultivation practices (CP). Data were analysed using descriptive statistics and multivariate probit model. Results revealed that contour bund adopted by 25.5% of the farmers was the only SMECP employed in the study area. The major Ap adopted by farmers were mulching (59.2%), multiple cropping (22.9%), cover cropping (34.2%), and crop rotation (38.3%). Application of inorganic fertilizer (62.6%), compost (23.3%), farmyard manure (25%), bush fallowing (21.7%) and shifting cultivation (20.8%) were the most used SMP while minimum tillage (31.7%) was the only CP adopted in the study area. Educational level of farmers, farm size, labour availability, membership of cooperative associations and extension contacts were some of the socio-economic factors influencing the adoption of SLMP in the study area. It is recommended that strategies to improve educational level of the farmers and create awareness about sustainable land management practices should be reinforced in the study area.
INTRODUCTION
Land is a major factor in agriculture. Its degradation is a worldwide issue and an extraordinary challenge to sustaining the natural, economic and social services given by different ecosystem (Motavali and Bardhan, 2013) . The contrary effects of land debasement subvert individual's sustenance, economic well-being, and health status of billions of people in developing countries (Global Environmental Facility, 2003) . According to Titilola et al. (1990) , some communities in Nigeria have had over 10% of their land mass diminished by erosion and still stand the chance of losing a greater amount of their cultivable land in the closest future. In Africa, about 28 percent of the land is degraded and this costs the continent an estimated 56 billion euros annually (Joachim, 2016) . Populace weight, deforestation, steep slopes, poor cultivation strategies and vulnerable soils are the real reasons for disintegration (Mugisha and Alobo, 2012) .
TerrAfrica (2005) defines SLM as "the adoption of land use systems that enable land users to maximize the economic and social benefits from the land through suitable management practices while maintaining the ecological support functions of the land resources. FAO (2009) in Babalola and Olayemi (2013) defined SLMP as "the acceptance of land use frameworks that, through proper management practices, enables land users to optimize the economic and social advantages from the land while keeping up or upgrading the bionomical support functions of the land assets". The objective of land management is to secure the land and improve its execution, to cultivate gainfully and protect natural quality for a considerable length of time. They include conventional tillage system, organic manure, mixed farming, crop rotation and mulching. This connotes that the management of agricultural lands would conserve the lands productivity in an environmentally, economically and socially sustainable way (Oloyede et al., 2014) . Mugisha and Alobo (2012) reported that, the demographic characteristics influencing the choice of land management practices were farmer's age, household size and education level; and plot level characteristics such as slope gradient and crop types. Babalola and Olayemi (2013) found that farmers' level of education and their participation in community based organisations positively influenced their adoption of the SLMP.
Yam (Dioscorea spp) is a soil loving crop which requires a good land management practices to attain the quality and quantity expected by the farmer at the end of the planting season. Yam is a tropical crop in the genus Dioscorea. According to FAO (1988) , Nigeria produced 18.3 million tonnes of yam from 1.5 million hectares of farm land representing 73.8% of total yam production in Africa. This increased to 35.017 million metric tonnes with value equivalent to US$5.654 billion in 2008. International Institute of Tropical Agriculture reported that about 70 percent of the world yam production amounting to 17 million tonnes was produced in Nigeria from 2,837,000 hectares of land area (Hahn et al., 1993) . There are up to 600 species but the most economical in Nigeria are; Dioscorea rotundata (white yam), Dioscorea cayenensis (yellow yam) and Dioscorea alata (water yam). The cultivation of yam complements food security. Yam is a major source of calories for millions of the tropical and subtropical populations and provides some nutritional benefits in the form of protein and micronutrients. Yam production is constrained in Nigeria by many factors, such as: unavailability of planting materials, land degradation, low and declining soil fertility, poor storage facilities as well as pests and diseases (Ibitoye and Attah, 2012) . These obstacles undermine food production and farmers' ability to generate sustainable incomes. Farmers have been exposed to various land management practices such as contour ploughing, terracing, mulching, minimum tillage, among others. These practices have been tried on homesteads and affirmed successful. Nonetheless, not all farmers are applying them regardless of the acknowledgment that their farmland is getting progressively degraded (Mugisha and Alobo, 2012) . This study therefore aimed to identify the various land management practices adopted by the yam farmers and analyse the factors influencing the adoption of land management practices in the study area.
METHODOLOGY

Study area
This study was conducted in Ilesa West Local Government Area of Osun state, Nigeria. The headquarter is in the town 
Sampling procedures
Primary data was collected through interview schedule with the aid of questionnaire. The questionnaire sought for information on socio-economic characteristics of respondents, various land management practices and challenges of adopting the various LMP.
Multistage sampling technique was used to select the respondents for this study. First stage involved the purposive selection of two zones out of the three zones in the study area due to the presence of large yam farmers. The second stage was the random selection of two villages each from the two selected zones making a total of four villages. In the third stage, simple random sampling techniques was employed to select two communities from each of the villages making a total of 8 communities while the last stage involved the random selection of 15 households from the selected communities making a total of 120 respondents.
Analytical techniques
The following analytical tools were employed in the analysis;
Descriptive analysis
Descriptive statistics such as frequencies, percentages, means and standard deviation was adopted to describe information on the socio-economic characteristics of the yam farmers as well as the SLMP used by the farmers in the study area.
Multivariate Probit (MVP) Model
The MVP model was used to analyse the factors influencing the adoption of sustainable land management practices in the study area. A multivariate probit has been used previously in a number of adoption studies (Otieno et al., 2011; Timu et al., 2013) . The multivariate probit is an extension of the probit model (Greene, 2003) and is used to estimate several correlated binary outcomes jointly. In a single-equation statistical model, information on a farmer's adoption of one SLMP does not alter the likelihood of adopting another. The MVP approach simultaneously models the influence of the set of explanatory variables on each of the different practices while allowing for the potential correlation between unobserved disturbances as well as the relationship between the adoptions of different land management practices (Belderbos et al., 2004) . One source of correlation may be complementarity (positive correlation) and substitutability (negative correlation) between different practice. Failure to capture unobserved factors and interrelationships among adoption decisions regarding different practices will lead to bias and inefficient estimates (Greene, 2008) . Consider the i farm household (I = 1,…., N) which is facing a decision on whether or not to adopt the available LMP on plot ( j = 1,…, j). Let U0 represent the effects to the farmer from traditional management practices, and Uk represent the benefit of adopting the k th LMP. According to Sheng (1989) and Babalola and Olayemi (2013) , these land management practices are classified as follows:
Structural and Mechanical Erosion Control Practices
(SMECP) which include contour bund and construction of ridges across the slope. 2. Agronomic Practices (AP) which include multiple cropping, mulching, and crop rotation. 3. Soil Management Practices (SMP) which includes compost and farm manure. 4. Cultivation Practices (CP) which includes minimum tillage.
The general multivariate probit model is specified as follows:
Using the indicator function, the unobserved preferences in equation (1) translate into the observed binary outcome equation for each symptom as follow:
It is important to note that, a farmer is regarded as an adopter of a practice or technology if he/she used it for at least a planting season (Afolami et al., 2015) . The model used to estimate the factors that influence farmers' choice of land management practices is specified as follows; 
RESULTS AND DISCUSSION
The result (Table 1 ) reveals that the mean age of the farmers was 51 years. This indicates that the yam farmers in the study area were getting old and has implication on physical ability to work, efficient utilization of resources as well as ability to adopt innovation in the study area. This result validates the findings of Odoemelam and Ajuka (2015) that older people were involved in indigenous farm management practices than younger ones in South-east agro-ecological zone of Nigeria. The mean year of schooling of about 9 years depicts that majority of the farmers had primary education. The result agrees with Babalola and Olayemi (2013) , who reported that, the proficiency level among farmers in Ogun State is still generally low, with a dominant part of them having less than secondary school education. Result also shows that the mean household size of the sampled yam farmers was six people. This implies that the yam farmers had small household size and could impact negatively on family labour availability in the study area. The mean farming experience of about 11 years reveals that the yam farmers had considerable years of experience in yam production as well as better understanding of the various land management practices adopted by them. Furthermore, the average farm size of 1.2ha implies that the farmers were small scale farmers. This has implication for yield level and income accruable to the yam farmers.
Land management practices adopted by the yam farmers in the study area Figure 1 presents the result on the various SLMP adopted by yam farmers in the study area. The result reveals that 25.5% of the farmers adopted contour bund as their structural and mechanical erosion control practices. This implies a poor use of SMECP in the study area. This finding is in consonance with Aromolaran (1998) and Babalola and Olayemi (2013) who attributed the poor utilisation of SMECP in their study areas to its associated costs, which are often beyond the farmers' capacity. Majority (59.2%) of the yam farmers adopted mulching as their agronomic practices. Other AP employed by the yam farmers were multiple cropping (22.9%), cover cropping (34.2%), and crop rotation (38.3%). Application of inorganic fertilizer (62.6%) was the most used soil management practices in the study area. This may be unconnected to the productivity potential of fertilizer use on crops. Aromolaran, (1998), however submitted that, the high utilization of inorganic manures may not be purposely focused at soil protection and that the preservation impact on the soil is because of the rapid growth in vegetation from fertilizer application. Other SMP adopted by the respondents were compost (23.3%), farmyard manure (25%), bush fallowing (21.7%) and shifting cultivation (20.8%). Minimum tillage (31.7%) which involves low disruption of the soil during cultivation was the only cultivation practices (CP) used by the yam farmers in the study area.
Determinants of sustainable land management practices adopted by yam farmers in the study area
The Wald test results of the correlation of one SLMP with another SLMP is presented in Table 2 . The multivariate probit regression model is highly significant overall as the Wald test statistic is significant at 1%. The likelihood ratio test of rho (ρ) statistically significant (at p<0.01) indicates that the model has a good fit in modeling factors that influence adoption of SLMP in the study area. Rho refers to the correlation coefficient among the error terms of the adopted SLMP. Rho21, for instance, is the correlation coefficient among the error terms of SMECP (1) and AP (2). The correlation coefficients among the error terms are also significant showing that the various SLMP are interdependent. Some of the SLMP are complementary (positive significant correlation coefficients), while others are substitutes/compete (negative significant correlation coefficients).
Multivariate probit results on adoption of SLMP
Results of the MVP regression models used to examine the determinants of the four SLMP adopted by the yam farmers are presented in Table 3 . 
Structural and mechanical erosion control practices (SMECP)
Results indicate that the probability of adopting structural and mechanical erosion control practices as a land management practice by farmer in the study area was significantly influenced by sex of farmer (p<0.01), education (p<0.01), farm size (p<0.05) and income (p<0.05). Sex of the farmers had positive significant relationship with adoption of SMECP at 1% alpha level. This implies that male farmers are more likely to adopt SMECP such as contour bund, as SLMP than female farmers in the study area. Farmers educational level positively and significantly (p<0.01) influenced the use of SMECP in the study area. This agrees with the findings of Babalola and Olayemi, (2013) that, the choice to utilize SMECP to preserve soil against land degradation problem increase with educational level of the farmers. Nkonya et al. (2008) reported that primary, secondary and post-secondary education were associated with increased use of land management practices in Uganda.
The size of land cultivated by the farmers was also positive and significant (p<0.05). This suggests that the larger the farm size the more likely the adoption SMECP in the study area. Furthermore, income of the farmer had positive significant influence on adoption of SMECP in the study area. This proposes that farmers with high income employed the use SMECP more than the low income farmers. This could be due to lack of fund of farmers as affirmed by the findings of Aromolaran (1998) and Babalola and Olayemi (2013) . Table 3 also reveals that sex (p<0.01) and household size (p<0.01) had positive significant relationship while farm size (p<0.01) and labour (p<0.01) had negative significant relationship with agronomic practices in the study area.
Agronomic practices
Results in
This result implies that male farmers with large household size, small farm size and hires few labour adopted the use of AP such as mulching, multiple cropping, cover cropping and crop rotation in the study area. The positive influence of household size implies availability of family labour. The negative influence of farm size corroborates the findings of Awoyinka et al., (2009) , Babalola and Olayemi (2013) and Oloyede et al. (2014) that adopters of AP were those with small farm holdings.
Soil management practices
Age (p<0.01), labour (p<0.05), cooperative membership (p<0.05), extension contact (p<0.01), loan access (p<0.01) and income (p<0.05) were the socio-economic factors influencing the adoption of Soil Management Practices such as inorganic fertilizer, compost, farmyard manure, bush fallowing and shifting cultivation as SLMP by the yam farmers in the study area.
The positive significant influence of these variables on SMP indicate that older farmers who hires people to work on their farms, who is a member of cooperative society, had contact and trained by extension agents, had access to loan and earned high income adopted the use of SMP in the study area. The positive influence of labour according to Oloyede et al. (2014) implies that labour availability increases the farmers' likelihood of utilizing fertilizer as SMP. The result on extension contacts however contradicts the findings of Oloyede et al. (2014) who reported in similar study that farmers contacts with extension agents reduce the probability of farmers using crop rotation, cover cropping and bush fallow. Table 3 further reveals that the adoption of cultivation practices (CP) such as minimum tillage was positively influenced by educational level of farmers (p<0.01) and membership of cooperative association (p<0.05) and negatively influenced by age of farmers (p<0.01) and their farm size (p<0.01). These imply that educated younger farmer who belonged to cooperative association and cultivated small farm land adopted CP in the study area. This result is in agreement with the findings of Aminu and Hassan (2016) that younger farmers are better adopters and more receptive of innovation than older farmers.
Cultivation practices
Results in
Conclusion and recommendations
Findings from the study revealed that the yam farmers were knowledgeable about the various sustainable land management practices in the study area. Educational level of farmers, farm size, labour availability, membership of cooperative associations and extension contacts were some of the factors influencing the adoption of these Aminu et al. 159 SLMPs in the study area. It is therefore recommended that strategies to improve the educational level of the farmers such as adult education and seminars should be strengthened to provide information and awareness about sustainable land management practices as a whole. Farmers should be encouraged to form and join viable cooperative societies (farmers' organisations) to speed up the rate of adoption of SLMP since they are more likely to be aware of government programmes on SLMP. In addition, the frequency of visits of extension agents should be increased and practical programmes to improve awareness on land management practices such as workshops, on-farm demonstrations and trainings should be promoted.
